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Burullus LakeBurullus Lake is the second largest lake along the Mediterranean Sea and represents one of the most sub-
jected lakes to pollution at the delta’s coastline. The present study explores the use of Landsat data and
GIS for assessing water pollution at Burullus Lake, Egypt. Multi-spectral Landsat-8 OLI image dated 2015
provided the necessary information to this study. Radiometric and atmospheric corrections were applied
to the image. Land use/cover map was obtained to identify natural resources and types of human activ-
ities in the area surrounding the Lake. Three previously developed water quality empirical models for
BOD, total nitrogen (TN) and total phosphorus (TP) were applied on the calibrated image. Then, a GIS
model was generated to identify areas recording high levels of BOD, TN and TP. Results confirmed that
the Lake water is subjected to pollution from multiple sources; particularly domestic and agricultural
drains. Shallow water (i.e. Lake Shores), where human activities are influencing, reported high levels of
water studied pollutants. The model indicated that south western and north eastern parts of the Lake
are the most polluted parts, recording relatively high levels of BOD, TN and TP; >4.46 mg L1,
>18.33 mg L1 and >15.59 mg L1, respectively. Results were ascertained based on water quality investi-
gations in relevant research studies on the Lake. It was concluded that Burullus Lake is extensively sub-
jected to interrupting human activities which have a great negative impact on water quality. Also data-
observation techniques and water quality empirical models were successful in assessing and mapping
water pollution.
 2016 National Authority for Remote Sensing and Space Sciences. Production and hosting by Elsevier B.
V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).1. Introduction
Burullus Lake is considered one of the four coastal shallow lakes
at Egypt Nile Delta namely; Edku, Maryout, Burullus and Manzala.
Burullus Lake is one of the most vulnerable areas along the delta’s
coastline. It is the second largest of northern lakes in Egypt, along
the Mediterranean seashore. One of the significant challenges in
Burullus Lake is represented in fish productivity. During the period
2000–2002, field studies in Lake Burullus showed that the diversity
of fishes was decreased from 32 to 25 species as a direct effect of
pollution (El-Adawy et al., 2013). The Lake serves as reservoir for
drainage waters, discharging from agricultural areas in addition
to freshwater from Brimbal Canal, situated in the western part of
the lake (Samaan et al., 1989).Seven drains are discharging into Burullus Lake namely; drain
11, drain 9, drain 8, drain 7, Nasser drain, Burullus East and West
drain. The total drainage discharge, into the Lake, is 3904 million
m3/year; including agricultural, domestic and industrial wastewa-
ter. The lake’s high nutrient environment permits aquatic plants to
grow extensively. In addition, levels of total suspended solids are
very high, which indicates to the high pollution of organic and
non-organic matters from agricultural and industrial wastes (El-
Kafrawy et al., 2015).
Remote sensing coupled with GIS has been commonly used in
studies of water quality (Usali and Ismail, 2010). In general, water
quality parameters (e.g. chlorophyll, turbidity and nutrients) can
alter reflected and/or emitted electromagnetic radiation from lake
surface water. Such changes could be monitored and detected by
remote sensing. Empirical relationships between spectral proper-
ties and water quality parameters were recognized as early as
1970s (Morel and Gordon, 1980). Substances that do not influence
the spectral characteristics of surface water could be mapped using
other modeling surrogates (Hereher et al., 2010). The present study
explores the potentiality of using only remote sensing and GIS.002
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at Burullus Lake, Egypt.2. Materials and methods
2.1. Study area
The study area represents Burullus lake area extending from
latitude 31 150N to 31 400N and from longitude 30 200 to 31 100E
(Fig. 1). It is located between Damietta at the east and Rosetta to
the west. It is sited in Kafr El-Sheikh Governorate, bordered from
the North by Mediterranean Sea.
It extends along the northern parts of the Egyptian Nile Delta
and considered the second northern lake in size. The lake is very
shallow, with a depth varying between 0.4 and 2 m, Lake length
is about 53 km. The Lake is connected with the Mediterranean
Sea through a narrow Boughaz El-Burullus at the northeast side.
The lake is disjointed from the Mediterranean Sea by a contracted
coastal strip, as sand sheets and dunes. The lake receives drainage
water, at the southern boundary, through seven drains and alsoFig. 1. Location map o
Please cite this article in press as: El-Zeiny, A., El-Kafrawy, S.. Egypt. J. Remotereceives freshwater from Brimbal Canal situated at the southwest-
ern part (Okbah and Hussein, 2006). Agricultural lands incorporate
the eastern and southern fringes of the Lake. The environment of
Burullus Lake has witnessed a significant change during the last
three decades as many drains were constructed to carry agricul-
tural wastes into the lake. In addition, huge part has been altered
to agricultural area (Hereher et al., 2010). The climatic condition
of the Burullus Lake is typically Mediterranean environment, with
mild temperature most of the year. The dominant wind direction,
in the area of study, is northwest most of the year, which generates
a general eastward-flowing longshore current (El-Asmar and
Hereher, 2010).2.2. Satellite image acquisition and pre-processing
A space-borne multispectral Landsat image dated 20th January
2015 was freely downloaded from http://glovis.usgs.gov/. The
study area was located in one scene; path 177, raw 38. Two pre-
processing techniques were applied on the downloaded imagef the study area.
Sensing Space Sci. (2016), http://dx.doi.org/10.1016/j.ejrs.2016.10.002
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which are discussed in the next paragraphs.
Spectral data, acquired by satellite sensors, are influenced by a
number of factors, such as atmospheric absorption and scattering,
sensor-target-illumination geometry, sensor calibration, and image
data processing procedures, which tend to change through times
(Teillet, 1986). Targets in multi-date scenes are extremely variable
and have been nearly impossible to compare in an automated
mode. In order to detect genuine landscape changes as revealed
by changes in surface reflectance from multi-date satellite images,
it is necessary to carry out radiometric correction. Radiometric cal-
ibration refers to a set of techniques that are applied during remote
sensing data processing and includes corrections related to the
sensitivity of the remote sensor, topography and sun angle, and
atmospheric scattering and absorption (Kim and Elman, 1990).
Removing the influence of the atmosphere is a critical pre-
processing step in analyzing images of surface reflectance. Proper-
ties such as the amount of water vapor, distribution of aerosols,
and scene visibility must be known. Because direct measurements
of these atmospheric properties are rarely available, they must be
inferred from the image pixels. ENVI program offers several atmo-
spheric correction tools; Dark Subtraction, Empirical Line,
FLAASH, Flat Field, IAR, Log Residuals, QUAC and Thermal Atmo-
spheric Correction. In the present work, dark object subtraction
(DOS) techniques were used and applied on the calibrated images
in order to eliminate atmospheric scattering effect. DOS searches
each band for the darkest pixel value, assuming that dark objects
reflect no light; any value greater than zero must result from atmo-
spheric scattering. The scattering is removed by subtracting this
value from every pixel in the band. This simple technique is effec-
tive for haze correction in multispectral data.
These corrections were successful in eliminating the radiomet-
ric errors and the atmospheric effects from the image. To assess the
accuracy of these methods, the image spectral statistics were com-
puted using ENVI software 5.1 where all pixels, in the image, have
been correctly calibrated. The calibrated image was finally cropped
to map the Lake.2.3. Land use and cover map
An up-to-date land use/cover map was produced based on the
supervised classification (i.e. Maximum Likelihood Classifier) for
the calibrated Landsat image. It was carried out to define natural
resources and human activities dominating the lake and the sur-
rounding area which might have an impact on Lake Water quality
(El-Zeiny, 2015).2.4. Water quality parameters
The optical properties of water depend on the concentration
and character of water constituents. Sensors aboard satellites can
measure the amount of solar radiation at various wavelengths
reflected by surface water, which can be correlated to water qual-
ity parameters (e.g. TP, TN and BOD). Correlation matrices were
used to explore the statistical relationship between the measured
water quality parameter and radiance data. Regression relation-
ships were established between the individual band readings and
the water parameters as well as between band combinations. Sin-
gle band data have been widely used in water quality studies;
however attempts were made to find combination of bands provid-
ing more information about water quality parameters than the
available in single band. For developing empirical models of TP,
TN and BOD, 16 band combinations were examined. Statistical
analysis was carried out using SPSS and Microsoft Excel Software.
Image processing techniques were performed using ENVI software.Please cite this article in press as: El-Zeiny, A., El-Kafrawy, S.. Egypt. J. RemoteCartographic maps for the studied parameters were created in
ArcMap.
Three developed empirical models were used for calculating TP,
TN and BOD from the satellite image according to Wang and Ma
(2001). Considering the statistical relationships between radiance
data and water quality, equations were developed. Although these
equations were generated for Landsat TM data, they could be used
for Landsat OLI data (Radiance) considering the spectral wave-
length of bands and the significant correlations with water charac-
teristics. Technical and spectral specifications of Landsat TM and
OLI data are displayed in Table 1. Empirical equations for calculat-
ing TP, TN and BOD according to Wang and Ma (2001) are illus-
trated as follows (Using ENVI 5.1);
TPðmg=lÞ ¼ eð0:40818:659LnðB3=B2ÞÞ
TNðmg=lÞ ¼ eð8:2282:713LnðB2þB3ÞÞ
BODðmg=lÞ ¼ eð4:2380þ2:2546LnððB2B3Þ=B2ÞÞ
In the present study, eighteen random samples within the Lake
were selected, using ArcGIS V10.1, to explore the statistical rela-
tionships between radiance data and the three studied water char-
acteristics (TN, TP and BOD). The geographic locations of these
points are shown in Fig. 2. The correlation matrix between B2
and B3, band combinations of B3/B2, B2+B3, B2-B3, TN, TP and
BOD were explored to investigate the relationships identified in
the three empirical models developed by Wang and Ma (2001).
2.5. Developed model for water pollution
The present research is an attempt to use remote sensing and
GIS technology to detect the highly polluted area at Burullus Lake
through generating a simple cartographic model (Fig. 3). The three
produced thematic layers of water characteristic (TP, TN and BOD
maps) were exported into ArcGIS as the input criteria to the model.
The layers were re-classified into three equal classes based on
statistics of each layer individually; high levels (class 1), moderate
levels (class 2), low levels (class 3). Weighted overlay was, then,
employed to produce a map of three water pollution levels based
on TP, TN and BOD. This map was then converted from raster to
vector which is easier in calculations. All processed and produced
layers were exported into ArcGIS V10.1 for further analyses.
3. Results and discussions
3.1. Land use/cover (LULC) map
Many studies address the relationships between land use and
water pollution. Generally, built-up land and agricultural area have
significant positive correlations with water pollution, which are
greatly associated with point or non-point source of pollution
(Huang et al., 2015). LULC is necessary in identification and map-
ping of the natural resources and human activities which have a
great effect on water quality deterioration. Areas that are domi-
nated by industrial and agricultural activities are more vulnerable
to water pollution (Roberts and Prince, 2010).
In the present study, a recent land use/ cover (LULC) map was
obtained from supervised classification to multispectral Landsat
8 image (2015) with an overall accuracy of more than 90%. The
map produced seven different classes in the Lake and the sur-
rounding area (Fig. 4). Water bodies’ class is represented in
Mediterranean Sea and Burullus Lake. Water logging class is
mostly located in the northern parts of the study area where the
soil is saturated with water forming water ponds. Agricultural area
(Vegetation) is located in the southern borders where agriculturalSensing Space Sci. (2016), http://dx.doi.org/10.1016/j.ejrs.2016.10.002
Table 1
Technical and spectral characteristics of Landsat TM and OLI sensors.
Satellite Sensor Bands Wavelength (lm) Spatial resolution (m)
Landsat4 Thematic mapper (TM) Band 1 – Blue 0.45–0.52 30
Band 2 – Green 0.52–0.60 30
Band 3 – Red 0.63–0.69 30
Band 4 – NIR 0.76–0.90 30
Band 5 – SWIR 1 1.55–1.75 30
Band 6 – Thermal Infrared (TIRS) 1 10.40–12.50 120
Band 7 – Thermal Infrared (TIRS) 2 2.08–2.35 30
Band 2 – Green 0.500–0.590 10
Band 3 – Red 0.610–0.680 10
Band 4 – Near Infrared 0.780–0.890 10
Band 5 – SWIR 1.58–1.75 10
Landsat 8 Operational Land Imager (OLI) Band 1 – Coastal aerosol 0.43–0.45 30
Band 2 – Blue 0.45–0.51 30
Band 3 – Green 0.53–0.59 30
Band 4 – Red 0.64–0.67 30
Band 5 – NIR 0.85–0.88 30
Band 6 – SWIR 1 1.57–1.65 30
Band 7 – SWIR 2 2.11–2.29 30
Band 8 – Panchromatic 0.50–0.68 15
Band 9 – Cirrus 1.36–1.38 30
Band 10 – TIRS1 10.60–11.19 100
Band 11 – TIRS2 11.50–12.51 100
Fig. 2. Spatial distribution of the eighteen sampling points, Jan. 2015.
Fig. 3. Cartographic model to identify water contamination, Burullus Lake.
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are distributed in different parts particularly in the northern parts
(Recreational area) and southern parts (Villages and cities). The
urban activities represent one of the main factors inducing the
deterioration of Burullus water quality. Sand covered areas are rep-
resented by shorelines of the Sea and the Lake as well as in the bar-
ren lands. Salt covered area appeared mainly as coastal sebkhas in
north of the study area. Within the Lake, there were some scattered
islands.
It was found that the human activities, resulting from urban
areas, and agricultural activities, resulting from vegetation area,
are the main sources of Lake Pollution through the discharge of
domestic and agricultural wastewater into the lake. Agricultural
canals and drains are distributed in the cultivated area which
boosts the lake contamination.
3.2. Water quality characteristics
Table 2 shows the statistics of the three water quality parame-
ters and the spectral radiance/ band combinations that were used
for developing the empirical models. The correlation matrix
between these characteristics and the spectral data/ band combi-
nations are presented in Table 3. The three studied water parame-
ters (TN, TP and BOD) showed significant positive correlations with
each other (>0.9). The two individual bands (B2, B3) also showed a
strong positive correlation (0.9414) whereas both positive and
negative significant correlations were recorded between the indi-
vidual bands and the selected band combinations. On the otherFig. 4. Land use and cover map for Bu
Table 2
Statistics of water parameters and spectral data/band combinations at the 18 selected loc
Statistics Water parameters (mg/L)
TN TP BOD
Minimum 12.3219 4.4203 1.7673
Maximum 26.2394 53.6901 8.6678
Average 18.3493 16.5581 4.4051
Standard Deviation 4.3835 12.6776 1.9852
Please cite this article in press as: El-Zeiny, A., El-Kafrawy, S.. Egypt. J. Remotehand, TN, TP and BOD showed strong negative correlations with
B2, B3, B3/B2 and B2 + B3; 0.7907–0.9032, however they
showed strong positive correlations with B2-B3; 0.7373–0.8082.
The correlation matrix showed that all the studied water charac-
teristics showed significant correlations with radiance data of B2
and B3 as well as the band combinations identified in empirical
equations of Wang and Ma (2001) which confirms the applicability
of these empirical models on Landsat OLI data taken into consider-
ation the wavelength of each band.
Total Phosphorus (TP), derived from Landsat OLI radiance data,
showed a great fluctuation within the Lake, ranging from 0.66 to
82 mg/l with an average of 15.59 mg/l (Fig. 5). High levels of TP
were found in western, south western and eastern parts of the
Lake. TP is used as an indicator of contamination from run-off in
domestic sewage or agricultural areas. The environmental signifi-
cance of phosphorous originates from its role as a key nutrient
for both microorganisms and plants (Valoon and Duffy, 2000).
Phosphorous is considered the limiting nutrient for eutrophication
and is considered as a pollutant if it presents at a high concentra-
tion (Saad, 1976). It was found that the elevated levels of TP may
be arisen from the industrial and domestic sewage disposal at
these sites. Furthermore, elevated phosphorous concentrations
may be a result of high amount of agricultural effluents, where
phosphorous is an essential element in fertilizers. The decrease
and depletion of phosphorous may be due to its adsorption on
hydrous Fe2O3 and Al2O3, its consumption by bacteria, algae or
aquatic weeds (Kramer et al., 1972 and Harvey, 1955).rullus Lake and surrounding area.
ations (Jan. 2015).
Spectral data (radiance)/band combinations
B2 B3 B3/B2 B2 + B3 B2  B3
3.8850 2.3396 0.6022 6.2246 0.8080
4.5303 3.5656 0.8153 8.0543 1.5481
4.1843 2.9700 0.7072 7.1543 1.2142
0.2236 0.3931 0.0604 0.6083 0.1976
Sensing Space Sci. (2016), http://dx.doi.org/10.1016/j.ejrs.2016.10.002
Table 3
Correlation matrix between water parameters and radiance data/band combinations.
Parameters TN TP BOD B2 B3 B3/B2 B2 + B3 B2  B3
TN 1.0000
TP 0.9094 1.0000
BOD 0.9594 0.9605 1.0000
B2 0.9029 0.7477 0.8063 1.0000
B3 0.8841 0.7982 0.8647 0.9414 1.0000
B3/B2 0.8146 0.7860 0.8460 0.8453 0.9755 1.0000
B2 + B3 0.9032 0.7907 0.8552 0.9760 0.9923 0.9411 1.0000
B2  B3 0.7373 0.7422 0.8082 0.7416 0.9244 0.9845 0.8700 1.0000
Fig. 5. TP retrieved from OLI image (Jan. 2015).
Fig. 6. TN retrieved from OLI image (Jan. 2015).
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Fig. 7. BOD retrieved from OLI image (Jan. 2015).
Fig. 8. Pollution level at Burullus Lake as resulted from the model.
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value of 18.33 mg/l where high levels of TN were detected in south
eastern and western parts of the lakes (Fig. 6). TN is an important
parameter of eutrophic waters, particularly for those polluted by
fertilizer run-off, animal wastes and domestic sewage. Aquatic
nitrogen is necessary for organisms’ growth and is naturally pro-
duced by; the action of lightning, decay of proteins and the effect
of nitrogen-fixing bacteria on ammonia (Limin et al., 2008). Fluctu-
ation of nitrogen was inversely associated with the fluctuation of
dissolved oxygen. This fluctuation may be attributed to the high
bacterial activity related with high nitrogen content and/or due
to the flowing drainage water which contains high levels of nutri-Please cite this article in press as: El-Zeiny, A., El-Kafrawy, S.. Egypt. J. Remoteents (El-Fayoumi, 1994; Zyadah, 1997; Abdel-Baky and Zyadah,
1998; El-Zeiny, 2015).
Concurrently, Biological Oxygen Demand (BOD) ranged from 0.28
to 9.67 mg/l with an average of 4.46 mg/l (Fig. 7). BOD represents
the amount of oxygen required by living aquatic organisms for
their physiological process (Jayabhaye, 2009 and El-Gammal
et al., 2015). BOD is the direct indication of the extent of pollution
in the water body. Relatively high levels of BOD were recorded at
edges of lake, particularly southern borders. These levels reflect
the high load of organic matter discharge in sectors which receive
high amounts of agricultural and sewage wastes from different
sources (Abdel Daim, 2000) and were attributed to the abundanceSensing Space Sci. (2016), http://dx.doi.org/10.1016/j.ejrs.2016.10.002
8 A. El-Zeiny, S. El-Kafrawy / The Egyptian Journal of Remote Sensing and Space Sciences xxx (2016) xxx–xxxof bacterial and microbial activity in area (El-Alfy, 2011 and El-
Sonbati et al., 2012).3.3. Cartographic model for evaluation of water pollution
In the present study, three water quality characteristics (TP, TN
and BOD) have been used for the assessment of water pollution at
Burullus Lake. For these characteristics, three cartographic maps
have been produced and overlapped, in one model, to highlight
the most polluted area in the lake. The model showed that the Lake
has three levels of pollution; high, moderate and low taken into
consideration the three studied water quality parameters; TP, TN
and BOD (Fig. 8). The high levels of water pollution are mostly
located in the south, south western parts and along the Lake shore-
lines which are the most affected areas by human activities. Few
sites, at the southern parts of the Lake, didn’t record high levels
of pollution due to the absence of drains at these areas.
Seven drains are discharging into Burullus Lake; Drain 11; Drain
9; Drain 8; Drain 7; Nasser Drain; Burullus East and West Drain.
The total drainage discharge mounted into the Lake is 3904 million
m3/year; including agricultural, industrial and domestic wastewa-
ter. Bottom sediment pollution may also contribute to the Lake’s
water pollution which also is a direct result to the continuous dis-
charge of wastewater into the Lake.
High pollution areas, that recorded high levels of TP, TN and
BOD, occupy 35.96 km2 (15 %). Majority of Burullus Lake could
be described as a moderately polluted area, occupies 168.61 km2
(73 %). This area is mainly distributed in center of the Lake where
human activities are decreased as well as pollutants are mostly dis-
persed and diluted. The least polluted area occupies 25.06 km2 (12
%) and mostly located in the extreme north and in the core of the
Lake. At these areas; levels of water pollution is minimum (Close
to zero levels of TN, TP and TN).
It was recorded that human activities, represented by wastew-
ater discharge, have dramatically affected the quality of water in
Burullus Lake. Domestic and agricultural activities in the surround-
ing area to the Lake have remarked a great impact on the nutrient
concentrations. The present study has reported that water quality
in Burullus Lake is more deteriorated in eastern and southern parts
than the other parts, owing to the polluted wastewater and drai-
nage water discharging into these areas from the seven mentioned
drains. Present findings are matching with results given by Hereher
et al. (2010) and El-Kafrawy et al. (2015) for Burullus Lake.4. Conclusion
In the present study, technologies of remote sensing and GIS
have been successfully utilized to assess water pollution in Burul-
lus Lake. Landsat OLI image dated 2015 has provided the necessary
spectral data to this study. TN, TP and BOD have been selected to
represent water pollution in the Lake and used as input criteria
to a GIS cartographic model (Weighted Overlay) to identify areas
and levels of water deterioration in the Lake. Present results and
relevant studies have confirmed that eastern and southern parts
of the Lake are the most polluted region due to the excessive
human activities, represented in discharge of huge amounts of pol-
luted water into the Lake particularly from agricultural and domes-
tic sources. It could be concluded that applications of remote
sensing and GIS technologies in water quality studies, particularly
the developed water quality empirical equations and GIS carto-
graphic models, have a great role in the environmental manage-
ment and assessment studies of Lakes which are easier and
cheaper than conventional methods. Furthermore, the present
study concluded that the empirical models that were developedPlease cite this article in press as: El-Zeiny, A., El-Kafrawy, S.. Egypt. J. Remotefor lakes are applicable in similar environments to map water qual-
ity characteristics.
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